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www.cdatm.orgAbstractObjective: To compare the adverse maternal and neonatal outcomes of multiple pregnancy and singleton pregnancy from multiple
medical centers in Beijing.
Methods: Data concerning maternal and neonatal adverse outcomes in multiple and singleton pregnancies were collected from 15
hospitals in Beijing by a systemic cluster sampling survey conducted from 20 June to 30 November 2013. The SPSS software
(version 20.0) was used for data analysis. The c2 test was used for statistical analyses.
Results: The rate of caesarean deliveries was much higher in women with multiple pregnancies (85.8%) than that in women with
singleton pregnancies (42.6%, c2 ¼ 190.8, P < 0.001). The incidences of anemia (c2 ¼ 40.023, P < 0.001), preterm labor
(c2¼ 1021.172, P< 0.001), gestational diabetes mellitus (c2¼ 9.311, P< 0.01), hypertensive disorders (c2¼ 122.708, P < 0.001)
and post-partum hemorrhage (c2 ¼ 48.550, P < 0.001) was significantly increased with multiple pregnancy. In addition, multiple
pregnancy was associated with a significantly higher rate of small-for-gestational-age infants (c2 ¼ 92.602, P < 0.001), low birth
weight (c2 ¼ 1141.713, P < 0.001), and neonatal intensive care unit (NICU) admission (c2 ¼ 340.129, P < 0.001).
Conclusions: Multiple pregnancy is a significant risk factor for adverse maternal and neonatal outcomes in Beijing. Improving
obstetric care for multiple pregnancy, particularly in reducing preterm labor, is required to reduce the risk to mothers and infants.
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A number of previous studies have shown that
multiple pregnancy is associated with a higher risk of
maternal and neonatal complications compared to
singleton pregnancy.1e4 The increased risk of preterm
delivery, post-partum hemorrhage and hypertensive
disorders in multiple pregnancy is a well-known
issue.1,4e6 Additionally, low birth weight and small-
for-gestational-age (SGA) status were reported at
higher rates in infants conceived in multiple pregnancy
than with singleton pregnancy, and these are known
risk factors for prenatal mortality and morbidity.7e9
Because multiple pregnancy can contribute signifi-
cantly to adverse maternal and perinatal outcomes, it is
important to comprehensively investigate the risks
involved in multiple pregnancy in China. The adverse
outcomes of multiple pregnancy across medical centers
in China have not been extensively investigated.
Clarifying the perinatal consequences of multiple
pregnancy becomes increasingly helpful in facilitating
resource allocation and closer developmental surveil-
lance for infants at risk of dysplasia. Thus, in this study
we performed a multi-centre analysis to determine the
severity of maternal and neonatal complications of
multiple pregnancy in comparison to those of singleton
pregnancy in the Beijing population.
Methods
Study population and variables
The study was based on the data obtained from a
system sampling survey conducted in 15 hospitals in
Beijing. Medical records of 15,194 pregnant women
who delivered between 20 June 2013 and 30 November
2013 were collected. Sorted by the number of fetuses,
there were 253 multiple pregnancies and 14,941
singleton pregnancies.
Independent variables included maternal character-
istics, such as maternal age (<25, 25e35, and >35
years), maternal height (centimeters), pre-pregnancy
weight (grams), parity (primiparous vs. multiparous),
gestational age (weeks) and mode of delivery (vaginal
vs. caesarean); in addition to maternal complications,
which included anemia, preterm labor (<37 completed
weeks of gestation), gestational diabetes mellitus
(GDM), hypertensive disorders (including preeclamp-
sia, eclampsia, pregnancy-induced hypertension, and
hemolysis, elevated liver enzymes and low platelet
syndrome, HELLP), post-partum hemorrhage, and
premature rupture of membrane (PROM, includingpreterm premature rupture of membranes, PPROM);
and infant complications, such as low birth weight
(<2500 g), SGA, neonatal intensive care unit (NICU)
admission and congenital malformations. The whole
study was approved by the ethics review board of
Peking University First Hospital (resolution 2013,
578). Informed written consent was obtained from the
pregnant women before enrollment.
Definitions
Multiple pregnancy was defined as twins or trip-
lets. Anemia was defined by hemoglobin levels
<110 g/L during pregnancy. Gestational age was
based on the number of days between the first day of
an expectant mothers' last menstrual period (LMP)
and date of delivery and was expressed in completed
weeks after the LMP. The SGA was defined as a birth
weight below the 10th percentile for gestational age.
The GDM was diagnosed by a diagnostic 2-h 75 g
OGTT at the 24the28th week of gestation by the
Chinese MOH 2011 criteria when one of the
following plasma glucose values was met or excee-
ded: 0 h, 5.1 mmol/L; 1 h, 10.0 mmol/L; and 2 h,
8.5 mmol/L.
Statistical analysis
The SPSS software version 20.0 (SPSS Inc.
Chicago, IL) was used for all statistical analyses.
Univariate associations between multiple pregnancy
and maternal and neonatal complications were
explored with Pearson's c2. Categorical variables were
expressed as frequencies and percentages. Continuous
variables are presented as the mean ± standard devia-
tion (SD), and two groups were compared using a one-
way analysis of variance (ANOVA). A P-value less
than 0.05 was considered statistically significant.
Results
We reviewed the medical records of 253 multiple
deliveries and 14,941 singletons from 15 hospitals in
Beijing. Table 1 shows the maternal characteristics of
multiple versus singleton pregnancies. Mothers with
multiple pregnancy were significantly more likely to be
age 35 years or older (c2 ¼ 31.557, P < 0.001). Pre-
pregnancy weight (F ¼ 15.958, P < 0.001) and the
rate of caesarean delivery (c2 ¼ 190.80, P < 0.001)
significantly increased in these cases and gestational
age was observed to significantly decrease
(F ¼ 1043.28, P < 0.001). There were no significant
Table 1
Maternal characteristics of singleton and multiple pregnancy in 15 hospitals in Beijing.
Variables Singletons
(n ¼ 14941)
Multiple pregnancy
(n ¼ 253)
c2/F P-value
Maternal age (year) 28.4 ± 16.5 29.6 ± 5.0 1.158 0.28
<25 (n,%) 3985 (26.7) 47 (21.3)
25e35 (n,%) 9761 (65.4) 134 (60.6) 31.557 <0.001*
35 (n,%) 1175 (7.9) 40 (18.1)
Maternal height (cm) 162.0 ± 4.9 162.3 ± 4.8 0.415 0.52
Pre-pregnancy weight (kg) 56.96 ± 9.36 59.36 ± 10.63 15.958 <0.001*
Parity
Primiparous (n,%) 10,671 (71.4) 153 (60.5) 14.550 <0.001*
Multiparous (n,%) 4270 (28.6) 100 (39.5)
Gestational age (weeks) 39.0 ± 1.6 35.6 ± 2.5 1043.28 <0.001*
Delivery mode
Vaginal delivery (n,%) 8241 (55.2) 33 (13.0) 190.800 <0.001*
Caesarean delivery (n,%) 6350 (42.6) 217 (85.8)
The results are reported as the mean ± standard deviation (SD) and frequency (percentage), and *P < 0.05 is statistically significant.
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multiple and singleton pregnancies.
Multiple pregnancy was significantly more likely to
be associated with GDM (c2 ¼ 9.311, P ¼ 0.01) and
hypertensive disorders (c2 ¼ 122.708, P < 0.001) than
was singleton pregnancy, but less likely to be associ-
ated with PROM (c2 ¼ 1.301, P ¼ 0.52) (Table 2). The
prevalence of anemia (c2 ¼ 40.023, P < 0.001), pre-
term labor (c2 ¼ 1021.172, P < 0.001) and post-
partum hemorrhage (c2 ¼ 48.550, P < 0.001) was
much higher for mothers with multiple pregnancy than
for those with singleton pregnancy (Table 2).
Infants from multiple pregnancies had a signifi-
cantly higher rate of SGA (c2 ¼ 48.550, P < 0.001),
low birth weight (c2 ¼ 1141.713, P < 0.001) and
NICU admission (c2 ¼ 340.129, P < 0.001) than in-
fants from a singleton pregnancy. However, the prev-
alence of congenital malformations was 0.8% for
infants from a multiple pregnancy and 0.6% for infantsTable 2
Maternal and neonatal complications in singleton and multiple pregnancies
Variables Singletons
(n ¼ 14941)
M
(n
Anemia 2272 (16.0)
Preterm labor 790 (5.3) 1
Hypertensive disorders 625 (4.3)
GDM 2927 (19.6)
Post-partum hemorrhage 927 (6.2)
PROM 2907 (19.5)
SGA 738 (4.9)
Low birth weight (<2500 g) 525 (3.5) 1
NICU admission 973 (6.5)
Congenital malformations 92 (0.6)
PROM: premature rupture of membranes; GDM: gestational diabetes mellitu
*P < 0.05 is statistically significant.from a singleton pregnancy, there was no significant
difference between the multiple and singleton preg-
nancies (c2 ¼ 0.124, P ¼ 0.725) (Table 2).
Discussion
Our study showed a high rate of approximately
1.7% of multiple pregnancies in the Beijing popula-
tion. Multiple pregnancy was significantly associated
with older maternal age, caesarean delivery, preterm
labor, GDM, hypertensive disorders, SGA, low birth
weight (<2500 g) and NICU admission but was not
associated with maternal height, PROM, and congen-
ital malformations. This suggested that in Beijing,
multiple pregnancy still confers an intrinsic risk of
maternal and neonatal adverse outcome.
The prevalence of multiple pregnancy in Beijing
was higher than the rate of 6.7%e16.8% measured in
other regions of China.10 In recent years, with the, n (%).
ultiple pregnancy
¼ 253)
c2 P-value
73 (31.5) 40.023 <0.001*
36 (53.8) 1021.172 <0.001*
47 (19.0) 122.708 <0.001*
60 (23.7) 9.311 0.010*
43 (17) 48.550 <0.001*
46 (18.2) 1.301 0.520
45 (17.8) 92.602 <0.001*
18 (46.6) 1141.713 <0.001*
92 (36.4) 340.129 <0.001*
2 (0.8) 0.124 0.725
s; NICU: neonatal intensive care unit; SGA: small-for-gestational-age.
200 R.-N. Su et al. / Chronic Diseases and Translational Medicine 1 (2015) 197e202development of assisted reproductive technology
(ART), the incidence of multiple pregnancy has
increased rapidly world-wide, most notably in
developing countries.11 Yang X et al.12 demonstrated
that the proportion of births from ART in mainland
China was approximately 1.0% in 2011, and that
multiple gestations had significantly increased in
these pregnancies. The high rate of multiple preg-
nancy in Beijing might be attributable to an increase
in the age of pregnant women and the increased
availability of ART.
The increased risks to maternal outcomes from
multiple pregnancies, such as anemia, preterm labor,
hypertensive disorders and caesarean delivery were
consistent with previous findings.13e15 Preterm labor
emerged as the most serious maternal complication in
multiple pregnancy and was much more common in
multiple pregnancy than in singleton pregnancy
(53.8% vs. 5.3%). The rate of preterm labor in this
study was higher than the rate of 12%e13% found in
the USA and other developed countries, where re-
ported rates were generally 5%e9%.16,17 Goldenberg
RL et al.18 showed that 40% of the surveyed popu-
lation delivered spontaneously before 37 weeks of
gestation, and Kazemier BM et al.19 found 57% of
twin pregnancies occurring after a previous preterm
singleton birth might be associated with a risk of
recurrence of preterm birth. These results were
somewhat in accordance with our findings.
The association between GDM and multiple preg-
nancy has rarely been reported. A previous study
showed that the risk of GDM might be similar between
singleton and twin pregnancies.20 The significantly
higher risk of GDM in multiple pregnancy in our study
was found to be in accordance with the statement from
the American College of Obstetricians and Gynecolo-
gists (ACOG) practice bulletin.21 In this bulletin,
mothers with a multiple pregnancy were found to be
slightly older than mothers with a singleton pregnancy,
which might partially explain the higher rate of GDM,
whereas, GDM was associated with a lower risk of
pregnancy-related complications in multiple pregnancy
in the case of hypertensive disorders. These results
validated a study in which patients with a twin preg-
nancy did not have a higher rate of GDM but did have
a higher rate of pregnancy-induced hypertension (PIH)
(GDM 3.4% vs. 3.4%, P ¼ 0.63; PIH 2.8% vs. 9.0%,
P ¼ 0.036).22
Because of the higher rate of caesarean delivery and
primiparity in multiple pregnancy, the prevalence ofsevere adverse maternal outcomes, such as post-partum
hemorrhage, was found to be more pronounced in
multiple pregnancy. Regulations to lower elective
caesarean delivery might reduce the preterm birth
rate.23 Recently, a consensus has been reached by the
ACOG regarding the appropriate mode of twin de-
livery.24 In China, caesarean delivery is more wide-
spread, and it is recommended that vaginal delivery be
attempted for women with twin gestations when the
first twin is in cephalic presentation, especially for
nulliparous woman.25
The findings of the present study also corroborate the
extensive evidence that low birth weight and SGA are
the common neonatal complications of multiple preg-
nancy worldwide.5,9 Infants born with low birth weight
and SGA have an increased risk of fetal death, and these
conditions contribute significantly to adult-onset disor-
ders, including type 2 diabetes, hypertension and
metabolic syndrome.26e28 The increased risk of NICU
admission (36.4%) was also in agreement with the
findings of a multicentre, randomized controlled trial of
multiple gestations conducted by Refuerzo et al.9 in the
USA. Arianne C. Lim's study determined that approxi-
mately 30% of all preterm infants admitted to the NICU
were from twin pregnancies.17
To the best of our knowledge, this is the largest
study on the topic of multiple pregnancy using a
systemic cluster sampling survey that contributes to
the current data on the issue of multiple pregnancy
in Beijing. The study also complements the
existing evidence concerning the risk of multiple
pregnancy through a multicentre study that surpasses
the previously reported studies from single
institutions.
This study has limitations that should be noted. We
lacked sufficient data on several maternal and neonatal
outcomes, such as neonatal jaundice, hypoglycemia,
and fetal death. Themedical records were obtained from
15 hospitals operating at different levels of quality;
therefore, despite the involvement of individuals spe-
cifically trained for this study, some information was
missing. In addition, some of the medical documenta-
tion was suboptimal, which might have affected the data
quality.We had no information on the use of ART,which
has been verified to have a significant impact on
maternal and neonatal outcomes.29,30
Our findings suggest that the maternal and neonatal
outcomes associated with multiple pregnancy are sig-
nificant, and there is an immediate need for efforts to
reduce adverse perinatal outcomes. Because primary
201R.-N. Su et al. / Chronic Diseases and Translational Medicine 1 (2015) 197e202prevention for the risks associated with multiple
pregnancy, such as prematurity, hypertension, low birth
weight, and SGA are often unattainable, mothers with
multiple gestations should seek increased obstetric care
and be educated on the importance of timely inter-
vention and developmental surveillance for optimal
child growth and development.
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